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PREFACE.

For some time there have been indications that new text-

books on ph3'sical geography are demanded ; and in the

report of the Committee of Ten this finds definite expression.

In the preparation of this book, wliieh has been in hand for

several years, there is an attempt to meet this apparent

demand ; but for reasons which are obvious to many, it has

not seemed wise to attempt to follow the somewhat radical

suggestions which were made by the majority of tlie geogra-

phy conference of the Committee of Ten. Therefore, while

the physiographic side is given more prominence than is

customary in works of this kind, this book attempts to only

partly meet the Committee's suggestions.

In the preparation of the l)Ook, effort has been made to

introduce new material, particularly in the illustrations,

which are a prominent part of the book. Also, there has

been an endeavor to make the book scientifically accurate,

and to introduce the latest knowledge on tiles' subjects

treated. There are probably places in which this is not

done, for the field is so large that much must be compilation

;

and the compiler is liable to fall into error.

I anticipate criticism of the order of presentation, of the

relative amount of space allotted the various topics, of the
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omission of some subjects which are usually found in such

books, and of the inclusion of some not usually discussed

:

but these matters have been carefully considered, and the

book is the result of a well-matured plan. In many respects

it is experimental, but it is a deliberate attempt to supply a

book which is certainly needed. It should not be inferred

that the author is satisfied with the attempt,— he is keenly

disappointed at the constant necessity of saving space and

thereby weakening description and explanation. In many

cases, explanations have been omitted ; in others, perhaps it

would have been better to have done so.

It is hoped that the more advanced teachers will find it

possible to accompany the text-book work with laboratory

and field study, along the line suggested in the appendix.

The discussion of method has been systematically eliminated

from the text, and the sole effort has been to present facts

and furnish information ; but if this alone is put before the

pupils, the value of the study will be very slight indeed. It

furnishes the main story in a connected way, and supplies

certain information ; but the laboratory and field will supplj^

applications and extensions of the principles, at the same

time giving value to the study as a means of mental disci-

pline. Merely to hear recitations from the book, will be the

continuation of an all too prevalent habit, which in so many

cases makes the science teaching in our secondary schools

the weakest part of the curriculum.

While the author has done much work in some of the

subjects treated, particularly the ocean and the land, he

would not wish to claim that much in the book is orio-inal.

In reality, this book is based upon the manuscript of another

and more advanced work, which is soon to be published as
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a handbook for teachers and for reference. Both of these

represent an attempt to gather from all available sources, the

kind of matter which it seemed desirable to include in such

books. While in the larger work direct reference is made

to the sources of information, it has not seemed desirable to

do so in this case ; for the acknowledgments take much space

and distract the attention, Avithout benetiting the pupil.

I have had much generous assistance in the supply of illus-

trations, particularly of photographs ; and grateful general

acknowledgment is made here, while special mention of the

sources is made in a list in the succeeding pages. Although

I have received aid from many sources, there are a few which

I must mention especially. The writings of Geikie, Dutton,

Powell, and Gilbert, particularly the latter, have not only

given me bodies of fact, but also inspiration, as indeed they

have to all who are working in physiographic geology. To

the writing-s and teachinsrs of Professors Shaler and Davis

of Harvard University, I owe more than I could possibly

acknowledge ; and to the latter I am under an added obliga-

tion for his examination and kindly criticism of parts of my
manuscript. While I acknowledge the debt which I owe

these scientists, it must be understood that the mode of

presentation is my own, and that I alone am responsible for

any shortcomings which may appear.

RALPH S. TARR.

Ithaca, NA'., August oO, 1895.
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ELEMENTARY PHYSICAL GEOGEAPHY.

o^St^c

CHAPTER I.

THE EARTH AS A PLANET.

Form of the Earth. — The earth i.s a spherical body com-

posed of three different portions,— a dense central mass, which

is probably solid, and two envelopes, the ocean and the air.

The central part has a mnch e^reater bnlk than either of the

other portions. In reality the form is not exactly spherical,

for the diameter of a s[)here shonld liave the same length in

all })arts ; but on the cartli the diameter at the e(|nator is 2C)\

miles longer than that at the jjoles,

where its length is 7890 miles.

This flattening of the poles gives

to the earth the form of an oblate

splieroid instead of a true sphere

(Fig. 1).

While this irregidarity of the

earth was detected only after a

series of very careful measure-

ments, it is in reality the greatest

on the surface of the earth; but Diagram showing a section of

there are other and less extensive a sphere (heavy line) and an
oblate spheroid (dotted line).

irregularities, which are much

more noticeable. These are of two kinds,— continents and

mountains. The surface rises and falls in a series of great

wave-like irregularities, which form the continents and ocean

3
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basins. On the continents, and occasionally in the oceans,

the surface rises along relatively narrow lines into a series

of high mountain ridges. Although these, are the greatest

elevations on the earth*s surface, and therefore attract our

attention, they are really very small irregularities when com-

pared Avith the continents of which they usually form a small

portion (Fig. 128).

Considering the sea level as 0, the highest point on the

earth is about 29,000 feet in elevation. Depressions of over

25,000 feet are found in several places in the ocean beds.

The total range in elevation between the iiighest mountain,

and the greatest ocean depth is about 57,000 feet. It can be

readily seen how small tliis is in comparison with the earth

as a whole, when we remember tliat the diameter of the earth

at the equator is -11,847,192 feet. Upon a globe of ordinary

size they could not be shown on true scale. Although there

are points on the land whose height is greater than the

deepest known parts of the ocean, the average deptli of

the ocean, which is about 12,000 feet, is much greater than

the average height of the land, which is approximately 2500

feet (see Chap. XIV.).

The greater part of the

Avater on the earth's sur-

face is accumulated in the

broad hollows l)etween

the continents. The sur-

face of this water mass is

much greater in area than

that of the land (Fig. 2),

the proportion being 1 of

land to 2. 6 of water (roughly 3:8). Late calculations give the

area of the land as 142,000,000 square kilometers, and of the

water as 368,000,000 square kilometers. The total volume of

Fig. 2.

Land and water hemispheres.
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the Avatcr of tlic oceans is esliiiuited to be l,o4T,S74,85() (•ul)ie

kilometers.

There are othei' smaHer irregularities on the-surl'ace of the

earth, and luaiiy minor [)e('uliarities, somi; of which are dis-

cussed in the later eluipters. Surrounding' the earth is a.

gaseous envelope, the atmosphere, which extends to an

Fn;. :;.

'J'lie solar systcin. sliowiiin llic relative (lislaiices Iroiii tlie sun, the ilireetioii (i||

revolutions, relative size of tJie orbits, ami tjie iiuinlier of satellites.

unknown distance, hut which at a lieight of iive or six ndles

from the sui-face is very niueh rariiied.

The Solar System.— The earth is one of .several bodies

wduch together form the solar system. They are a family of

bodies bound together by the tie of gravitation and engaged

in a series of movements around a central Ijody, the sun

(Fig. o). In the solar system there are five classes of
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bodies. In the center is the sun, the largest of all, and the

one upon which the others depend more than upon any other

member. The second class of bodies is that of the planets,

of which eight are known. These all revolve around the

sun in orbits Avhich are nearly circular, but not exactly so,

being in reality, ellipses with the sun at one of the foci.

The third class of bodies is that of the satellites, of which

the moon is an example. Most of the planets have satellites,

which are always much smaller than the planet about which

they revolve. The earth has but one moon, but some of the

planets have several. Twenty moons have already been

discovered, of which all but three belong to the outer group

of planets, Jupiter, Saturn, Uranus, and Neptune. A fourth

group of bodies in the solar system is that of the asteroids,

of which about 400 are now known. These small planets

revolve about the sun in the space between the orbits

of Mars and Jupiter. Aside from these members, there is a

fifth group of irregular bodies, the comets and meteors,

which move in a manner different from that of the other

members of the solar system.

The Sun.— The central and largest member of the solar

system, tlie sun itself, unlike the planets, is so constituted

that it sends out into space a form of energy which produces

both light and heat. It is the source of nuich of the energy

which finds expression upon the surface of the earth in the

forms of light, heat, and life itself. This immense body is

fully 92,750,000 miles distant from the earth.

Since the sun is able to emit rays which produce heat, we
know that it must be a hot body ; but there is as yet no

means of telling what its temperature is. Owing to the way
it effects the movements of the several members of the solar

system, it is known that the materials composing the sun are

not so dense as the solid part of the earth. It seems quite
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certain that at least a large part of the sun is in the form

of gas. By means of the instrument known as the spectro-

scope., we have learned much concerning the actual composi-

tion of the sun. By this instrument it has been found that

many of the, elements known on the earth exist in the sun

in a gaseoiis form.

Since we know very little about the condition of the

earth on which we live, it is hardly to be expected that our

knowledge of a body so distant as the sun would be very

accurate. Still the studies which have been carrietl on by

means of the telescope have revealed the fact that there are at

least three quite different

parts to the sun. These

are the corona., which is

outermost, the chromo-

sphere., and the photosphere,

the latter being the densest

part. It is the portion

from which the light and

heat are emitted ; and

from its surface the diame-

ter of the sun is about

860,000 miles (Fig. 4).

Above the photosphere

comes the chromosphere,

which appears to be the

true atmosphere of the sun. It consists mainly of glowing

hydrogen gas ; but in its lower portions many metals, such as

iron, are known to exist in the form of gas. It is in violent

connnotion, as if in eruption ; and the photosphere itself also

presents signs of violent activity. Extending to a distance

stnnetimes as great as 300,000 miles above the surface of the

sun, is the corona-, the character of which is not understood.

Fig. 4.

Diiigram to show the rehitive size of the

sun aud the largest planets. Drawn uu
true scale.
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Certain dark bodies known as sun spots (Fig. 5) appear

upon the surface of tlie sun and move across its face until

,they disappear on the opposite

side, being carried around by the

rotation of tlie sun. Their origin

is not known, but they appear to

liave an influence upon the earth

in at least two ways, one upon

atmospheric electricit}^, the other

upon certain climatic features.

Sun spots,' 1872. .

'^^^^ ^^"^ ^^ engaged in two mo-
tions. It rotates, as do all the

larger bodies of the solar system ; but the period of rotation

is not exactly known, though it is somewhere between 25

and 26|^ days. Strangely enough, the period of rotation

appears to vary according to the latitude. The second mo-
tion is one in which the entire solar system is engaged ; but

the amount and exact nature of this is not known. The sys-

tem is moving through space at an unknown rate, toward
the constellation Hercules.

The Planets.—Mermiry, the smallest of the planets, is nearest

to the sun, on the average being about 35,750,000 miles from
it (Fig. 6). Tlie diameter is a little more than one-third

Mara Jupiter

|H4i-V y Ea,th

Fig. G.

Diagram to show the relative distances of the various planets from the sun.

that of the earth (or 2992 miles), and it rotates on its axis

in about 24 hours, while it revolves around the sun once

in about 88 days. We know little concerning the condi-

tions on this planet.



THE EARTH AS A PLANET. 9

Fk;. 7.

am to show the rela-

tive size of the smaller

planets.

The next body cnitside of Mercury is J^e)nis, the most

brilliant of planets. It is almost the same size as the

earth, being in reality abont '250 miles less in diameter

( 70(10 miles) (Fig'. 7). Some observers

think that they have detected a rotation

w ith a period of a little more than 24

hours; but this is doubted by most

astronomers. The period of revolution

is eonsiderably less than ours, or about

'2'lo days. It appears (piite certain that

tiiere is an atmosphere upon this planet,

and so far as we can tell, it closely

resembles ours. No satellite is known Dia^i-f

to exist.

Outside of the earth, which is the

next planet in the solar sj'stem, comes Mars, which next

to Mercury, is the smallest of the planets, having a diameter

of but little more than 4200 miles. Its time of rotation is

a little over 24^ hours, and its revolution about the sun

is accomplished in nearly 687 days. Its mean distance from

the sun is 141,000,000 miles. The axis of Mars is inclined

about 27° to the plane of its orbit, which is about 4° more

than the inclination of the earth's axis. There are two tiny

satellites, one less than 10 miles in diameter, the other

[)erhaps twice that size ; and the latter is not more than

4000 miles from the surface of the planet, about which

it revolves in a period of 7 h. 39 m.

Jupiter, the largest of planets (Fig. 4), has a mass greater

than that of all the others combined, the mean diameter being

al)out 86,000 miles; but the diameter at the equator is fully

5000 miles greater than that at the poles. The volume

of Jupiter is about loOO times that of the earth. On the

average, the distiince from tlie sun is al)out 480,000,000
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miles, and it takes nearly 12 years for it to make a revolu-

tion about the sun. The time of rotation is a very little

over 9 h. 55 m.

It is evident that what we see with the telescope is not

the surface of the planet, but a dense atmospliere of some

form of vapor. Therefore we have no means of knowing-

what the actual condition of Jupiter is, though we may infer

that the planet is still heated, and that the clouds which

we see are the result of this heated condition. Four moons

revolve about Jupiter, the most distant being 1,162,000 miles

from the planet, while the nearest is only a little farther

away than our moon is from us.

Next beyond Jupiter is Saturn, the second largest of the

solar planets. Its distance is 881,000,000 miles from the

sun, around which it revolves in about 29|- years, while it

rotates upon its axis in 10 h. 14 m.^ This planet has eight

moons ; but the most remarkable feature connected with it,

is its surrounding pair of flattened rings, whose inner diame-

ter is 100,000 miles. The telescope 1ms not yet definitely

revealed the nature of these rings.

As the distance from the earth increases, our knowledge

of the members of the solar system becomes less accu-

rate. Hence, since its mean distance from the sun is fully

1,771,000,000 miles, Uranus is scarcely known. It revolves

about the sun once in 84 years, but its period of rotation

is not known. There are four satellites.

Until 1846 no other large planet was known; but as a

result of prediction, I^eptune was discovered in that year.

The discovery of this planet is one of the most remarkable

proofs of the accuracy of the theory of gravitation; for it

1 It will be noticed that as the distance from the sun increases, the time

required for a revolution also increases, while the period of rotation rapidly

decreases.
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was determined l)y irregularities in the movement of Uranus,

that another phmet must exist outside of its orbit; and after

careful calculations, the place where this planet could be

found was predicted, and Neptune was discovered at a mean

distance of 2,775,000,000 miles from the sun. One moon

has been detected.

Asteroids.— In the year 1801, a small planet known as

Ceres was discovered in the space between Mars and Jupiter.

Since that time about 400 other smaller bodies have been

found in the same general region. In no cases have these

,mall planets a diameter greater than 520 miles, while the

smallest that have been discovered have diameters of less

than 40 miles. Tlieir movement through space is some-

what irregular; and there have been many speculations con-

cerning their origin, though as yet no satisfactory explana-

tion has been advanced.

The Earth.— While cold at the surface, we have many

reasons for believing that the interior of the earth is highly

heated. Proof of this is found in the facts that at the

surface, volcanoes emit quantities of molten rock which come

from below, and that in all deep mines and well-b<n-ings the

temperature of the rocks is found t(^ increase at a moderately

uniform rate, on the average 1° for about every 50 or 60

feet of descent. If this rate of increase continues, the rocks

at a depth of less than 100 miles are so hot that they would

be molten under the conditions which exist at the surface.
^

It was once believed that the interior of the earth was in

a molten condition, and that the solid surface was merely

a crust resting upon this liquid sphere; but many facts now

lead us to the belief that the interior is at least as rigid as

steel. The proof of this is mainly astronomical, and cannot

be adequately stated here. At present we are forced to the

belief, that although highly heated, the rocks in tlie interior
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of the earth are prevented" from melting by the great pres-
sure of the overlying layers; and by this theory we are able
to satisfactorily account iov all of the plienomena that

Day .luring Spi-inj

Sun li(clit just touulies

north & south poles

SU/j,
Nortliern "Winter

Sun just reaches

the Arctic Circle

No day

Fig. S.

Diagram illustrating the cause of seasons.

formerly seemed to demand the explanation of a liquid
interior.

The earth is engaged in a number of movements in space.
It revolves around tlie sun in 365 days and 26 minutes, in an
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orbit which is nearly a circle; but instead of being actually

a circle with the sun at its center, the orbit is really an

ellipse with the sun at one of the foci. Therefore, in the

course of its revolution, the earth is at one time farther from

the sun than in the opposite season, the distance now vary-

ing between 91,000,000 and 91,000,000 miles, with an average

distance of about 92,750,000 miles.

During the revolution, tlie earth rotates about one of its

diameters, which we call the axis, and this rotation occu-

pies a little less tlian 21 hours (23 h. 50 m.), or one

day. This rotation causes the familiar alternation of day

and night; and if tlie earth's axis were at right angles to the

plane of revolution, the day and night would be equal in

length ; but since it is inclined to this plane at an angle of

23° 27', the relative length of day and night varies from

day to day. Indeed, the seasons themselves depend upon

this inclination of the poles (Fig. 8); for in the course

of a revolution, the pole is always pointed toward a certain

part of the heavens ; and as the earth moves al)out tlie sun,

the northern hemisphere alternately faces and is turned away

from the sun. When turned toward the sun, the summer

season is caused, and when turned away from it, the winter

season results, because the solar rays then fall less vertically

upon the hemisphere, and the length of the day is shorter.

Between these two opposite seasons we liave spring and

autuuni.

The Moon.— This, the nearest to our earth of all the

heavenly bodies, lias an average distance of about 210,000

miles, and a diameter of 2160 miles (Fig. 9). Since the path

of the moon about the earth is an ellipse with the earth at

one of the foci, the distance varies; but it is rarely more

than 253,000 miles nor less than 227,000 miles distant.

When farthest, from the earth it is said to be in Apogee,
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Fig. 9.

The relative size of

eartli and moou.

and when nearest in Perigee ; and once in every revolution

Apogee and Perigee are reached.

Aside from those it makes in company with the earth, its

two important movements in space are a revolution around

the earth and a rotation about an axis, both

of these movements occurring in the same

period of time, or 29^- days. Therefore

one side of the moon is never seen from the

earth. Also, as a result of this condition,

tlie length of the lunar day is 29| of our

days ; and therefore at the lunar equator

the sun shines steadily for nearly 15 days

and is absent an equal length of time.

Under these conditions the surface of the moon is warmed
during the long day, and at night becomes cooled down to

temperatures which . „„

are perhaps as low as
[

- 200°.
I

^
I

There is no atmos- ; .
-

'

phere and no ocean

on the moon ; and

the only change upon

the surface seems to

be that between con-

ditions of heat and

cold, and light and

darkness. It does not

emit a perceptible

amount of radiant

energy, and the light from the moon is reflected sunlight. ^

As a result of the careful telescopic study of the moon,

1 Direct light from the sun is 600,000 times as strong as that which is

reflected from the moon.

Fig. 10.

Lunar craters, the largest being Gassendi.
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astronomei's liave been iil)le to map many of the details of lunar

topography, with consi(leral)le accuracy, and even to measure

mountain heights. While there are other striking topo-

graphic features, the most notable thing about the lunar land-

scape is the great number of crater-like nu)untains, Avhich bear

a certain resemblance to the volcanoes on the earth's surface,

excepting that many of them are of immense size (Fig. 10).

Comets, Shooting Stars and Meteors. — Aside from those

described, which may be considered the normal mendjers of

the solar system, there are other heavenly bodies which

do not appear to be regvlar parts of the system, llie

strangest of these are comets. Some 500 of these have

been recorded as visil)le to the naked eye ; and in addition,

over 200 have been detected by the aid of the telesc^ope, some

of these being millions of miles in length. When near the

sun, they usually have a relatively dense head and a vaporous

tail, through which stars are visible (Fig. 11). Some have

regular elliptical orbits, and

their time of appearance can

be closely calculated ; but

the orbits of others are ap-

parentlt/ parabolas, so that

if they ever return to the

solar system, it is only after

long periods of time have

elapsed, and after having

made a journey far beyond

the outermost limits of the

solar system. Perhaps these may be mere wanderers through

space, whicli after one visit to the solar system, depart never

to return again. What they are, whence they came, whither

they are going, or what relation they bear to the solar sys-

tem, is stdl an unsolved mystery.

Fig. 11.

Coet of Donati, 185S.
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Comets have an added" interest to us, from the fact that

some slwotlng stars and meteors seem to be remnants of

comets, which at some former time have crossed the orbit

of the earth. Thus the November meteorites are due to the

fact that in its movement around the sun the earth en-

counters particles that are left in the trail of a comet (Tem-

pel's) whicli has a period of revolution of about thirty-three

years ; and the August meteors (Fig. 12) appear to have

a smiilar origin.

Meteors and shooting stars (meteors are large shooting

stars) enter the earth's atmosphere at a high rate of speed,

and are burned up

. o,\ of Aufiusf Mchprs lu tlic luglier hxycrs

of the atmosphere,

often at an eleva-

tion as great as 100

miles from the sur-

face of the earth.

This burning is

the result of fric-

tion with the air, which produces a high heat, because in

addition to the movement of the meteor, there is often

added the motion of the earth itself, which is about 98,000

feet a second. Hence in small l^odies, the burning is almost

instantaneous ; but some of the larger meteors pass entirely

through the atmosphere, and reach the earth's surface.

A study of these rather rare meteorites, reveals to us the

very interesting fact that no hew element exists in them
;

and tlierefore we may fairl}^ conclude that the elements

composing comets are the same as some of those which make
up the earth's crust. In watching the heavens at night,

scarcely an hour can pass without noticing shooting stars

;

and since the same would probably be true of the day if we

Fig. 12.

Orbit of the second comet of 1862.
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could then see them, we ('oneliule that there are immense

iiuml>ers of tliese bodies in the spaci! through which tlie earth

travels.

The Stellar System.— Far away in space, mauy times

farther than' the sun is from us, innumerable stars are

scattered. Already many thousands are known, and it is

estimated that over 30,000,000 are visible with the telescope.

Like the sun, they emit an energy which produces hoth

light and heat ; and it is very probable that many, if

not all, have planetary bodies revolving about them.

One satellite, that l)elonging to Sirius, has already been dis-

covered ; and some double

stars are known to be re-

volving about a common

center of gravity. The

distance Ijetween the stars,

and even between the earth

and the nearest stars, is im-

mense, and in most cases in-

calculable. If each star is

a sun with accompanying

planets, and it' each of these

suns is as far from its neai'-

est stellar neighbors as we

are from ours, the immensity

and grandeur of the system

transcends our imagination.

The stars are arranged in

a- disc-like l)elt, the greatest

diameter of wliich is in the direction of the ^Tilky Way.

At right angles to this there is a zone of abundant nelndau

(Fig. 13), although these strange bodies are not absent from

other parts of the heavens. Some have conjectured that

Fid. i;^.

Ardroiueda nebula, from a drawinj:
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nebulffi are other stellar systems, so distant from ns that

the individual members cannot be separated by our tele-

scopes ; but the spectroscope seems to show that they are

bodies of glowing gas, and this has an important bearing
upon the nebular hypothesis, which we soon discuss. One
very important thing concerning both stars and nebuh«, is

that the spectroscope has detected in them many of the

elements which we find upon the earth.

A -question of very deep interest, is whether the stars form
a great system in which the individual members are inter-

related, as is the case among the members of the solar

system ? Unfortunately, in the present state of science, we
are unable to return a definite answer to this question.

Symmetry of the Solar System.— In theorizing upon a

basis of known facts we must confine ourselves to the solar

system ; ajid it is interesting to note the wonderful symmetry
of arrangement and the beautiful order which exists here.

Throughout the entire system, the law of gravitation prevails

and governs the movements of all the bodies, each member
attracting the other in direct proportion to the product of

the masses and inversely proportional to the square of the

distance. The regular members of the system are all nearly

spherical, and they rotate about an axis and revolve in an
orbit which is nearly circular. In direction of rotation and
revolution there is a marked uniformity, as there is also in

the plane of revolution.

All of these regularities of behavior, take place notwith-

standing the fact that immense distances separate the various

bodies, and that this space is practically void. We can form
no accurate conception of these immense distances ; but the

following quotation from Newcomb's Astronomy furnishes

some idea of this :
—

"To give an idea of the relative distances, suppose a
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voyan'iT tlir()Ui;'li the ('elcstial s})accs could traAcI from tlie

sun to the outerniost planet of our system in twenty-four

liours. So enormous would be his vtdoeity, that it wonld

t-arrv him aej'oss tlie Atlantic Oi-ean, from New York to

Liverpool, in less than a tenth of a seeond of the clock.

Starting from the sun with this velocity, he would cross the

orltits of the inner planets in rapid succession, and the outer

ones more slowly, until, at the end of a single day, he would

reach the confines of our system, crossing the orbit of Nep-

tune. But, though he passed eight planets the first day, he

would pass none the next, for he would have to journey

eighteen or twenty years, without diminution of speed,

before he would reach the nearest star, and would then have

to contiiuie his journey as far again before he could reach

another. All the planets of our system would have vanished

in the distance, in the course of the first three days, and the

sun would be but an insignificant star in the firmament.

The sun in the center of the solar system is a true star, in

many respects like the others which dot the firmament.

This being the case, may we not fairly speculate as to the

possibility of other Avorlds and systems like our own, far

away in space, even to the outermost limits which can l)e

reached by the human vision ; and if this be so, how vast is

the universe, and how insignificant the small cold body of

matter upon Avhich Ave dwell I

The Nebular Hypothesis. — Before many facts concerning

the universe were known, the philosopher Kant proposed a

hypothesis to account for the origin of the solar system : and

later, Herschel and Laplace proposed an explanation which

in many respects was like tliat of Kant. We know this

explanation under the name of the nebular hypothesis.

By this it is assumed that the s[)ace occu})ied by the

members of the- solar system, and probably even to a con-
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.si(leral)le distance l)ey()n(l tlii.s, was occupi(3(l by a nelnilous

mass of highly heated vapor. It is one of the hiws of nature

that radiant energy passes from warmer to colder bodies, and

that by this radiation a contraction and condensation neces-

sarily follow. This nebulous mass, composed of all the ele-

ments which now enter into the composition of the various

members of the solar system, during the process of cooling

separated into rings which were the parents of the several

planets. As the mass lost lieat and Ijegan to condense and

contract, tlie materials began to accumulate about some

denser part of these rings, the accumulations alxwt tliese

denser portions l^eing determined by the fact that gravita-

tive action was stronger there than elsewhere.

As a result of this accumulation about centers, the original

nebulous mass became broken up into several smaller masses

of similar nature ; and by a continuation of the process other

rings were thrown off, out of which the satellites were

formed. Original motion about a central portion of the

nebula has naturally been inherited and is now indicated

l)y the movements of the bodies in the solar system. The
cooling of these bodies is still in progress, and different

meml)ers of tlie system have reached different stages.

Verification of the Nebular Hypothesis.— While we cannot

state that this theory is definitely proven, many facts point

to its truth as a general explanation of the solar universe.

For instance, it would account for the fact that the planets

move about the sun in a common direction, and that the

planes of revolution are nearly the same in the different

planets (the inclination in no case being more than a few

degrees) . This similarity also extends even to the satellites
;

and the rotation of the l)odies whose rotation has been

determined has the same kind of uniformity. All of the

orbits of the members of the solar system are ellipses
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:il»|)i'<iacliin^- a cii'clc. Tliis tdgellicr with the iiiiil'onn action

of gnivitatioii suggests a, coiiiinon origin.

The fact that all the bodies regularly belonging to the

solar system nre nearly spherical in form is suggestive; and

this form can readily be accounted for if the bodies were

once li(i[uid. A former li(}uid condition is indicated by the

fact that those bodies which are well known, all have a

largei" diameter at the equator than at the poles ; and this is

what would result from centrifugal action in a liquid sphere.

Then also, signs of heat are })lainly seen in some of the mem-
bers of the solar system ; and in the smaller bodies these

signs are less api)arent. Thus the sun is highly heated

;

Jupiter, Saturn, and other of the outer })lanets show signs

of considerable heat ; the earth is cold at the surface, and

hot in the center ; INIars, Venus, and Mercury are cold at the

surface ; and the moon appears to be entirely cold.

U})on the nebular hypothesis, we should expect that the

density of the members of the solar system would increase

from the outer bodies toward the center ; and this actually

is the case, the only exceptions being the easily explained

cases of Saturn and the sun. There are other reasons for

believing in the nebular hypothesis. So far as we may

judge from the results of spectroscopic study and from

the examinations of meteorites that have fallen upon the

earth, the bodies in the solar system are composed of the

same elements as those which make the earth ; and tliis sug-

gests that they liave been made from the same original mass.

Far away in space, beyond the solar system, we even find

nebulous masses of gas which are exactly like those out of

which the solar system is believed to have been made ; and

in some of these nebula; the condensation into planetarj'

bodies appears to l)e in progress (Fig. 13). Nearly every

gradation has been found between this kind of nel:)nla and
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tliiit which is apparently one mass of g-h)wii]o- gas. It is

not improbable that even now other worlds are in process

of formation in the far distant regions of space.
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CHAPTER IT.

THE ATMOSPHERE.

General Statement.— Outside of the solid earth, and ex-

tending to a distance of several hundred miles above it, is a

gaseous envelope, which we

know as the atmosphere (Fig.

14) . Its density decreases from

the surface of the earth toward

the upper portions ; and at a

height of five miles it is very

much rarefied. That it ex-

tends to this great height is

shown l)y the fact that meteors

become white hot by friction

with it, even at a greater dis-

tance than this from the earth.

Fully one-half of the mass of

the atmosphere is within four The earth with its atmospheric euvel-
" L ^,pg^ drawn to scale.

miles of the surface of the

earth ; and two-thirds of it is within six miles of the surface

(Fig. 15).

The atmosphere is composed almost entirely of two gases,

nitrogen and oxygen, in the proportion of about 7*.) to 21.

These o-ases are not in chemical combination, but are

mechanically mixed. Nitrogen is a very inert element, while

o.vi/t/en is active in the production of many changes, and trom

Fig. U.
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this standpoint the nitrogen- of the air may be considered as

an adulterant of the active oxygen. In addition to these

gases there is a comparatively sinallamount (about 0.08 per

cent) of carboiiic acid gas,' the percentage varying some-

what according to the location. Its percentage increases in

the vicinity of volcanoes and large cities.^

Beside these three gases there are minor and variable quan-

tities of other substances ; but of these, only two, water vapor

and dust particles, are of sufficient general importance for

consideration here. The term "c^ws-^" includes a great

Fig. 1-)

Di.igi.im to illiistiate decrease lu deiibity of the .itmospliete.

variety of substances, such, for instance, as microbes, smoke

particles, and true dust, Avhich is borne into the air by the

winds. It seems certain that dust is of much importance in

the formation of rain and fog.

Water is readily evaporated, and hence at all times there is

some water vapor in the air; but the amount depends upon a

variety of circumstances, chiefly the temperature of the air

and the presence or absence of bodies of water. The higher

1 While this book is in preparation, the discovery of a new constituent of

the atmosphere is announced. Tliis, which is called argon, may be a new
element, but it is now too early to state anything definite about this sub-

stance.



THE ATMOSl'llEUE. ^O

the teniperatiire, the greater the rate t.f evai)()ratinii ;
l.ut

even at temperatures beh)W freeziiig--i)i)iiit small (luaiitities

of water vapor may he present.

The atmosphere is of great importanee in many respeets.

It distributes the Ug-ht whieh eomes to us from the sun. It

is set in motion by tlie sohir energy, and by this means dis-

tributes heat over the eartli. As a result of the effeet of

solar heat upon the atmosphere a great variety of phenomena,

sueh as winds, storms, elouds, ete., are produeed. These

cause many changes upon the surface of the earth, and

directly and indirectly the air makes the earth a place tit for

habitation.

Light. We obtain light from several sources,— tlie sun,

the stars, and the ukjou and planets. Light from the latter

source is merely reflected sunlight, and it is small in amount.

That which comes from the stars is radiated from them

directly, but it also is insignificant in comparison with that

received from the sun.

Solar light, when it reaches the lower layers of the atmos-

ohere, produces the impression upon the eye whieh Ave know

as white; but there is reason to think that it has a bluish

tinge before its passage through the air. According to the

undulatory theory, light passes through the space between

us and the sun at a very rapid rate in the form of a series of

waves of ether. It is made up of many waves of different

lengths, the cond)ination of which gives white. When

separated, these appear as different colors, and in the raiidx.w

we recognize seven priuiary colors with intermediate tints.

The violets and blues have the shortest vibrations, and the

yellows and reds the longest. As a result of the effect of

the atmosphere upon these parts of white liglit many optieal

})lienomena are produced.

If there were Jio atmosphen', the earth's surhiec would be
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illuminated only where the direct rays of the sun fell. The

atmosphere serves to diffuse light and to render the darkness

of shadows less intense. . This diffusion of light in large

measure depends upon the ^amount of solid or liquid impuri-

ties in the air. In its passage through the air, certain of the

rays are diffused more readily than others by the process of

sdective scattering. It is usually those with the shortest

Avave lengths that are thus scattered; and hence it is that

the-, sky is ordinarily blue. The intensity of the blue is

greatest when dust impurities are least abundant, as is the

case when the air is clear and dry. If dust particles happen

to be very abundant, even the coarser rays of yellow light

may be scattered ; and under rare conditions of very smoky

air the entire sky may assume a brassy color. Since the

light is obliged to travel through a greater distance of air

near the time of sunset than in midday, the color of the

western sky in the late afternoon is often j^ellow, while that

of midday was a

dull hazy blue (Fig.

16).

Among the most

beautiful of light

effects in the atmos-

phere is that of the

sunset colors., which

are due to the scat-

tering of the waves

have the

As

a result of this the

coarser yellows and reds come to us, the reason for the scat-

tering being the fact that the light at the time of sunset and

sunrise passes through a great thickness of air, and lience the

Fig. 16.

Diagram to show that the sun's rays pass thi'ough a ,„i, • „ i,

greater thickness of atmospliere at sunset and su^n-

rise than at midday. (Thickness of atmosphere smaller leugtht
greatly exaggerated).
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waves encounter a greater number of dust particles. When

the atmosphere contains much dust, the morning and evening

colors are often very hitense, hut an increase in the quantity

of dust beyond a certain point tends to dull the tints. With

chnuls in theiunizon at sunset or sunrise, these colors of red

and yellow are often reflected in infinite variety of shade

and tint. Other phenomena, such as the twilight arch, the

glow and the afterglow, are not easily explained in a few

words.

Another property of light is that of reflection, and as a

result of this many interesting optical effects are produced.

The light of the moon depends upon the reflection of sun-

light from its surface. The earth also reflects light, and

this is one of the reasons for the illumination of places that

are in the shadow of the direct rays of the sun. Other

places which are illuminated reflect some of their light to

the parts that are in shadow. Clouds also reflect the light

of the sun ; and on summer days, when great banks of

clouds rise high in the air, their surfaces are brilliantly

illuminated and l)eautiful cloud effects are produced.

Another effect of reflection is the mirage, which occurs

when the air near the surface is warmer than the layers

above it, and when the reflection from this warm air layer

reaches the eye of the observer. It often gives rise to an

appearance like that of a sheet of water ; and travelers in

desert lands, where this phenomenon is common, are often

led to think that they are actually approaching a lake. One

very commonly sees such an appearance as this at the sea or

lake shore when distant coasts appear to rise above the sur-

face of the water. It sometimes happens that light is

reflected from a warm layer which is above the observer;

and then the objects appear upside down. This '^loonung,"

as it is called, is particularly common in Arctic regions; and
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the effect produced is so fantastic and wonderful that nearly

all Arctic explorers describe it.

The rainbow is a phenomenon which partly depends upou

the reflection of sunlight ; biit it is chiefly due to 7'efraction,

the result being a separation of the several components of

white light into the colors of the spectrum. Each person

sees a different rainbow even though two observers may
stand side by side. The cause for the phenomenon is the

effeut of raindrops wdiich, being denser than the air, bend

and separate the rays of white light so that we see the

component colored rays, just as we do when a sunbeam passes

through a prism. A rainbow is often produced in the spray

that rises at the base of a waterfall, and at the distance of

only a few yards one may see it outlined in the spray.

Another phenomenon resulting from the combined action

of refraction and reflection is the ring of light or Jialo which

often surrounds the sun or moon when their light passes

through thin hazy clouds in the upper atmosphere. These

clouds are composed of ice particles, which act upon the light

in a manner analogous to the effect of raindrops in the

production of the rainbow. Very remarkable halos are

formed, particularly in Arctic regions, where the air is often

filled with minute crystals of ice. Sometimes rings of light

of very brilliant colors are thus produced. The interference

Avith light resulting from the presence of Avater or ice in

clouds often produces a ring of light immediately around

the sun or moon. These are called coronas, and they are

often beautifully colored, the colors being arranged in con-

centric rings with the red on the outside.

One of the most important of the phenomena of light is

that of absorption. Many bodies, such as pure air and water,

allow most of the rays of light to pass through them with little

change, and such bodies are called transparent. Other sub-
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stances are only partially transparent, and we know them
under the name of traiiHhiccnt Ixxlies. Still others whieh we
know as opctquc do not allow any liglit to pass. Thus objects

have a red color when they reflect a greater number of the

i\'d than of tlie*other rays; and other colors are produeed in

the same way by the absorption of different proportions of

the rays.

Electricity and Magnetism.— There are certain phenomena

of magnetism in the earth whieh seem to exercise a de-

cided influence upon the atmosphere. The earth is a great

magnet, and the region of greatest magnetic attraction is

near Hudson's Bay, toward which the needle of the compass

})oints in our hemisphere. This may be called the iiiagnetic

pole. The magnetic condition of the earth is constantly

changing, both in small daily variations and in annual

changes, as well as in variations covering many years.

Occasionally there are magnetic storms, when there is a

disturbance of magnetic instruments, and when the aurora

sometimes develops in wonderful complexity and weird

beauty. This is some electrical effect in the thin upper

atmosphere ; but our knowledge of these phenomena is ob-

scure.

Electricity is produced in the atmosphere by various

causes, and it is nearly always present ; but only rarely does

it develop suiHcient intensity to become visible to the eye.

In thunderstorms and tornadoes, when the air is in violent

commotion, there is often sufficient electricity to cause vivid

discharges from one cloud to another, or to the earth. This

li(/htnhi(/ is an interesting phenomenon, but it does not

ap[)ear to have a marked influence upon the atmosphere.

It is apparently an incident. The accompanying sound is

often changed to a rumble by reverberation and echoes

among the clouds, and betAveen them and the earth. Often
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in violent thunderstorms the . air is filled with a constant

roar of thunder. The lightning spark or bolt is sometimes

a single large spark, or it m^y divide and sub-divide, giving

a branching type of discharge ; and many interesting irregu-

larities of direction, color, and form are produced.

The light from the flash moves with great velocity while

the sound of the thunder travels slowly, at the rate of

ordinary sound waves. The sound wave is readily worn
out, and at a distance of a few miles lightning produces

no perceptible sound. Heat lightnmg is often the result

of the reflection among the clouds, or on the horizon, of

lightning in some far-distant thunderstorm, perhaps en-

tirely hidden behind the curvature of the earth.

Heat.^— Aside from the heat which comes to us from the

sun, we obtain a certain small but more constant supply from

the other bodies of space and from the earth itself ; but

these are relatively unimportant. The radiant energy from

the sun travels at an enormous velocity as a series of waves,

which are radiated out from the sun in all directions ; and

only that small portion of them is received by the earth

which it happens to intercept in its passage about the sun.

Some substances allow this energy to pass through them

with readiness, and these are said to be diathermanous

;

others absorb heat ; and still others reflect the greater part

of the rays that come to them. The air is comparatively

diathermanous, as indeed most transparent substances are.

The smooth glassy surface of water is a good illustration

of a substance that reflects much of the radiant energy

coming to it. On the other hand, while the earth reflects

some, it absorbs a large quantity of heat ; and this is

1 The sun is emitting a form of energy which under favorable conditions be-

comes heat, while under other conditions it takes the form of chemical energy.

These rays are therefore properly radiant energy until ti'ansformed to heat.
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particuhirly triu^ for parts of the earth whicli are (hirk

in coh)r.

Tlie rays that enter the atniospliere pass tliroiii^h it with

little interference, because it is diathermanous ; l)nt if there

is much dust or water va})or in it, a considerable share of the

rays are intercepted. Thus chnids effectually check the

passage of many of the rays, and therefore cloudy days arc

cool. The same tendency exists when the atm()si)here is very

hazy; and in the late afternoon wlien the solar rays pass

throug'li a great thickness of air (Fig. 16), the amount of

heat that reaches the earth is very much less than that

which comes to the surface at midday.

Since different parts of the earth's surface l)c]iave dif-

ferently toward the radiant energy, there is much A'aria-

tion in the effect produced. This is particularly well

illustrated by the very marked difference in l)ehavior be-

tween water and land. Tlie rays that reach the water sur-

face are in part reflected back into space and thus lost, so

far as the earth is concerned. Much of that which remains

raises the temperature of the water ; but as the specific

heat of the water is high, its temperature is raised very

slowly. Some is used in the evaporation of the surface

layers ; and in that case the heat is transformed to tlic

so-called " latent heat," ^ which does not become a[)})arent

until the vapor is condensed to water. Moreover, the water

surface is in motion ; and this tends to distribute the heat,

and thus to prevent the excessive warming of the ocean

surface. Therefore for these various reasons, even at the

equator the ocean surface remains relatively cool.

On the other hand, land reflects very little of the radiant

energy, and it is a- solid body, in which neither evaporation

1 The old term is still used, though perhaps heat of vaporization would

"be better.
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nor motion is possible. The earth is distinctly not diather-

manous, and the greater part of the rays which reach it are

absorbed by the surface portions. Therefore during the

day the ground tends to Ijecorae warmed by a,bsorption
;

and this peculiarity is responsible for many of the phenomena

of the atmosphere.

Pure air is very slightly wai'med l)y the passage of the

direct rays of the sun. The small amount of heat thus

obtained is slightly increased by a supply received from the

rays which the earth reflects ; but much more is ol)tained

from the supj^ly which the earth absorbs. All bodies in

space are radiating a form of energy, either that which

belongs to them or that which is radiated to them ; there-

fore the earth is at all times emitting rays by direct radi-

ation. During the daytime the amount radiated is less

in quantity than that received from the sun ; but at night,

when this supply is cut off, the process of radiation proceeds

so far that the earth loses much of the heat which it had

received. Radiation is interfered with by the presence

of clouds or dust ; and hence nights which are cloudy or

hazy are warmer than those which are clear.

By the process of conduction^ all bodies which are warmed
tend to transmit their energy to cooler portions. This is

well illustrated when a cold iron is placed upon a warm
stove. In the same way, the air in contact with the warmer

earth is thus warmed by conduction ; but neither air nor

earth are good conductors of heat, and if tins process were

unaided, the effect would be slight and confined to those

lower layers of the air which were almost immediately in

contact with the earth. It is a property of gases that when
heated they are expanded and thus caused to move. By this

means a process of convectioyi is started which is analogous

to the boiling of water, and the warm lower layers of air
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I'isc above tlic sui-racc, tln-ir plac(\s luMiio- taken l)y otlun-

layers w liicli How in toward the point of ascent.

This process of convection is one of the most important

in meteoroh),L;'\\; for upon it in larq-e measure (le}ien(ls the

formation of the winds and otlier features of atnn)spheric

eircuhition. When air rises it ex])aiids, and in the process

of expansion cools dynamically, the rate of coolinjjf being

l.()° for every 300 feet of ascent; and descending air, as

a result of compression, tends to warm. This feature of

cooling on ascension gives rise to the formation of many

of the clouds and rainstorms.

Thus the air is warmed, partly by the rays which come

direct from the sun; partly by those which are reflected

from the earth; partly by those emitted from the earth

by the process of radiation ; but mainly by conduction

from the warm eartlfs surface and the convectioual rising of

these warmed layers. Highlands are cooler than lowlands,

largely because the air m these ])laces is less dense than that

nearer the sea level (Fig. 15). The presence or absence

of hirge bodies of water very markedly modilies the effect

of solar energy upon the atmosphere. As a result of these

differences, the atmosphere is put in motion, Avinds are pro-

duced, clouds are formed, storms are started, and rains are

caused.

The movements of the earth in space also give rise to

many variations in heat effect and atmospheric phenomena.

As a result of the rotation of the eartii, the greater part

of its surface is lighted and warmed once every twenty-four

hours, and cooled once during that time.

A second important movement of the earth is that of

revolution, which causes the seasons (Figs. 8 and IT).

Since the pole is inclined to the plane of revolution, the

sun is made to- appear to migrate in the hepvens. During

]>
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our winter, wlien the sun is verticul over that part of the

earth which lies between the equator and the tropic of

Capricorn, the sun rises in the soutliern part of the heavens,

and passes westward without rising higli toward the zenith.

Then in Arctic latitudes, the sun does not rise above the

horizon ; and therefore in this region there is no alterna-

tion of day and night. In the winter season, in temperate

Fig. 17.

Diagram to show the inclination of the sun's rays in different parts of the earth

during the various seasons. Upper figure, spring and autumn; right-liand

figure, northern winter; left-hand, northern summer.

latitudes the journey of the sun across the heavens occupies

a small fraction of the whole day ; and therefore in such

regions the time during which the earth is receiving heat

is less than the length of the night, during which almost

none is received.

Besides this fact of short days and long nights, the

angle at which the rays reach the surface is much
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more oblique than in the summer season ; and before reach-

ing the surface they are obliged to pass through a great

thickness of atmosphere. These facts make the effect of

the small amount of energy that does come, less apparent in

winter than h\ summer, when many of the rays pass from

a point near the zenith through a relatively small amount

of atmosphere, reaching the surface more nearly at right

angles (Fig. 17). After the sun has passed north of the

equator, summer comes to the northern hemisphere, while

winter prevails south of the equator.

Thus at any pomt between equatorial and Arctic regions,

there are two variations in the effect of the solar rays, one

a daily and the other a seasonal variation. Tlie tempera-

ture of the air over the land normally rises during the

day, and falls at night ; it rises in summer, and falls in

winter ; and the amount of daily rising and falling is

greater in winter than in summer. There is much variation

in these respects according to latitude; and there is less

change in temperature between day and night, and between

seasons, at the equator than in other latitudes; but the

amowit of heat received there is greater than in other parts

of the earth. The greatest range in temperature, both

seasonal and daily, is experienced near the Arctic circle.

The least heat supply is received in polar latitudes; and

here there is a great range between the summer and

winter temperatures, but slight daily ranges, because in

winter the sun does not rise above the horizon, while in

summer it does not set.

Moisture.— When rays of radiant energy enter a water

body, they are in part transformed to " latent heat," being

engaged in the process of changing the liquid to a gaseous

condition. By this process of evaporation much of the

energy exists in a form which is not apparent as heat so
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long as the vapor condition lasts; but when the vapor is con-

densed, this store of heat becomes apparent. Evaporation

will take place even from a snow surface ; but the most

favorable conditions for the production of water vapor are

warm air in contact with a water surface.

The capacity of the air for water vapor is limited ; and

when no more can be contained it is said to be saturated.

An air in which there is little vapor is constantly capable

of taking more until the limit of saturation is reached. We
commonly say that dry air can absorb vapor. ^ If the amount

of water upon the land is slight, the air in these places

remains dry ; but naturally this cannot be the case with air

over bodies of water, for there the conditions favor satu-

ration. In the interior of c()ntinents, and in the upper

layers of the atmosphere, there is the smallest proportion

of water vapor. If the air from these places reaches the

oceans, it may bring to them conditions of dryness, which,

however, are soon changed to relative dampness. With the

air in movement, saturation is less liable to occur than

would be the case if the air were quiet. Therefore winds

favor evaporation by bringing fresh supplies of air, and for

the same reason they tend to prevent saturation.

The capacity of air for water vapor also depends upon its

temperature. A layer of air which is saturated at the tem-

perature of 50*^ becomes relatively dry if its temperature is

raised to 90°; and an air layer which is nearly saturated at

90° will be obliged to give up some of its water vapor if the

temperature is lowered a number of degrees. This is a very

important point in the formation of clouds, storms, and rains.

The actual amount of water vapor in the air represents its

1 Strictly the air does not absorb vapor, but the water vaporizes regardless

of the presence of the air. However, it is convenient to speak of the capacity

of the air for water vapor, especially as the air determines the temperature.
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absolute humidity ; but tliis is not a very important factor,

because the same amount of vapor in air of different tem-

peratures will produce very different effects.

The point of greatest importance is the relative humidity.,

which is the percentage of water vapor actually contained in

the air compared with the amount which the air at that tem-

perature could contain if it were saturated. Thus the relative

humidity of saturated air at a temperature of 00° is 100 per
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Fig. 18.

Diagram showing daily change in relative humidity as a result of the daily

change in temperature at Ithaca, N.Y.

cent, for at that temperature no more can be contained ;

but if the temperature is raised a few degrees, the air

becomes capable of containing more water vapor, and the

relative humidity is then less than 100 per cent. The tem-

perature at which air becomes saturated is known as the

dew point, for then vapor must be condensed. After a warm
and apparently dry day, dew may be formed at night merely

b}' lowering the temperature of the air, and thus increasing
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1000 FT.1\ Saturated

the relative humidity, without any change whatsoever in the

absolute humidity (Fig. 18).

It follows from this that there must be very marked differ-

ences in the amount and effect of water vapor contained in

the air. Over the oceans, the relative humidity is great, and

the air nearly always near the point of saturation ; in the

tropics, where the temperature is high, the absolute humidity

is high, because warm air can contain much vapor ; and on

mountain peaks, where the temperature is

low, the amount of vapor is slight, because

cold air has little capacity for water vapor.

If the dry upper air descends to the earth,

its absolute humidity is low ; and even if it

commenced its descent in a saturated condi-

tion, its relative humidity decreases because

the temperature rises (Fig. 19); and if air

currents move from cooler to warmer lati-

tudes, their capacity for vapor is constantly

increasing, because they

grow constantly warmer and

have a greater j)Ower of

absorbing vapor. When
from warm to

Capacity for vapor
43° considerably Mcreased.

Fig. 19.

Diagram illustrating increase in tempera- they mOVC
ture of descending air. Starting in a , . ,1 • t ,•

saturated condition with a temperature COoler regions their relative

of 40° at 1000 feet, it reaches the surface humidity increases, bccauSC
with a higher temperature and its ca- ^ . , ,..,-] i .

pacity for vapor increased, while its tlieir temperature clescencis

;

relative humidity has decreased. The
^y^^(]^ when air riscS OVCr land

reverse takes place with ascent. . .-mi
elevations, or vertically by

convection, the relative humidity is also increased, because

it cools by expansion as it ascends ; and under such condi-

tions the vapor is often condensed in clouds and rain.

As a result of these varying conditions we get many varia-

Ijle phenomena. Where the winds are prevailingly dry, and



THE ATMOSPHERE. 39

the relative humidity low, desert conditions result ; and

where moist winds rise over rapidly ascending lands, condi-

tions of excessive rainfall are produced. With air prevail-

ingly dry, evaporation is rapid, while in regions of great rela-

tive humidity, evaporation is slow and small in amount (I^'ig.

60). Since water vapor contains a store of "latent heat"

great stores of heat energy are transported from one latitude

to another by the movements of vapor-laden air currents.

Pressure. — The air, though so light and apparently almost

without substance, actually has weight. At the seashore,

the average weight of the air column is 15 pounds to the

square inch ; but as we ascend into the air, whether in a

balloon or on a mountain, the pressure of the air becomes

less and less. Aside from this difference in air pressure the

weight of the column of atmosphere at any single point is

almost constantly changing. This is due to the fact that the

air is very elastic and is subjected to a complicated series of

movements. We shall be better able to understand the

causes for these changes in pressure, and their effects upon

the atmosphere, after we have examined in more detail the

subjects of air temperatures and circulation.

Effect of Gravity.— Heat is constantly tending to drive

the air from the earth's surface, and therefore to make the

lower layers less dense ; but opposed to this is the tendency

of gravity to draw the atmosphere down to the earth. The

effect of this is to make the lower layers of the atmosphere

more dense than those above the earth's surface ; but the

circulation of the air somewhat modifies this effect. Gravity

is a very important factor in determining the equilibrium of

the atmosphere ; for its constant tendency is to restore an

equilibrium which other causes are tending to destroy.

Effect of the Earth's Rotation.— As the air moves in the

form of winds or currents, there is a constant tendency to
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be deflected to one side, as a result of the effect of the

earth's rotation. This not only tends to turn the currents

of air, but its influence is also felt in the ocean currents.

In the southern hemisphere

the currents are deflected

toward the left, and in the

northern hemisphere toward

the right ; and we common-
ly speak of the latter as the

right-hand deflection (Fig.

20).

The reason for this deflec-

tive tendency is to be found

in the fact that different

parts of the earth are mov-

ing at different velocities.

By revolving an orange or a

ball around an axis one can

see that the motion at the equator is much more rapid than

that at the poles. Each revolution carries every point along

a circle, but the diame-
i,o„

ter of the circle de-

creases toward the pole

(Fig. 21). Therefore

in the course of a revo-

lution a point near the

equator travels a much
greater distance than

one near the pole. .To

do this, it must go faster,

since the same period of

time is allowed. At the equator the rate is 1521 feet a

second, while near the poles the rate is greatly reduced.

Fig. 20.

Diagram to show how the moving currents

are deflected from a straight line N-S.

Fig. 21.

Diagram illustrating the decrease in diameter

on different latitudes.
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A current moving toward the equator, from a region of

slow motion, is constantly reaching latitudes where the angu-

lar velocity is greater. If the earth were quiet, it would

move in a straight line, and if the earth's rotation did not

produce any effect, it would do the same and reach a

point on the equator toward which it had originally

started (N-S, Fig. 20). But the earth is rotating toward

the east, and the current is of course carried along

;

but in different parts of its course it is carried at differ-

ent rates. There are therefore two motions, one to the

south, the other to the east. As the current in its southerly

course reaches regions with a greater velocity than those

just left, it lags behind the earth's rotation just a very little.

In other words, it tends to take to regions of greater velocity

the velocity of a region with a slower motion. This lagging

behind turns it to the west, or the right, and as it moves
from place to place (Fig. 20) it keeps turning little by little,

until finally its course is very much altered. Currents

moving northward from the equator pass into regions of

less velocity and thus run ahead, or turn to the east in the

direction of the earth's rotation. The same explanation

holds for the left-hand deflection south of the equator. ^

A current moving very slowly will so nearly accommodate

itself to the change in velocity that the deflective tendency

is not very effective. Also in those latitudes, such as the

equatorial (Fig. 21), where the difference in velocity is not

great, the deflective tendencj^ is not nearly so great as in

the higher latitudes, where even in a small distance there

is a marked difference in angular velocity.

Even in currents moving along east and west lines the

1 The teacher will do well to illustrate this important point by the use of

the globe, or better by allowing a marble to run over the face of a rapidly

revolving wheel which is inclined toward the class.
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deflective effect is apparent, but tliis cannot be easily ex-

plained in a few words.
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